document instructor and student behaviors within short intervals (e.g. Hora, 2013; Smith et al., 2013) .
While our approach has specific relevance during this period of STEM-education reform, it was designed to be used to document various modes of teaching and learning-including active learning-in undergraduate courses of different types, sizes, and levels across the disciplines.
The timeline we developed is designed to be intuitive for instructors to review and understand, so that they may immediately use the data to reflect on, refine, and improve their teaching. The timeline creates a "big-picture" representation of how individual instructors integrate multiple instructional strategies either simultaneously (e.g. lecturing with questions, demonstration with discussion) or in succession (e.g. group work followed by whole-class discussion, followed by lecture). As Hora (2013) notes in regard to an alternative timeline approach employed with TDOP data, the chronological display of observational data can make visible the "sequencing and dosage" of specific teaching strategies across a class session (p. 24). Our timeline also makes visible how students respond and contribute to these strategies, including the numbers of questions asked and answered, as well as the level of student note-taking and attention observed.
The chronological display of observational data differs from approaches that display the relative proportions of different instructional strategies in pie charts or graphs (e.g. Smith, et al., 2013; Smith, et al., 2014) . The latter approach is useful when measuring the prevalence of instructional strategies across class sessions and semesters, and when assessing quantitative changes in instruction as they occur over time (Hora and Ferrare, 2014; Smith, et al., 2013 Discussion of the OPAL timeline with a colleague during peer-review of teaching, or review of the timeline by the instructor for the purpose of self-evaluation, facilitates critical thinking about such issues as i) whether the observed occurrence and timing of specific instructional strategies coheres with the instructor's goals and intentions for the class session; ii) whether the timeline reflects the optimal timing and sequencing of different strategies, according to the instructor's objectives; and iii) whether there appears to be a correlation between specific pedagogical approaches and student participation, attention, and note-taking. For example, reviewing the timeline can provide instructors with a specific idea of how they are spacing active learning within a class session, a factor that has been shown to influence students' attention (Bunce, Flens, & Neiles, 2010) . The OPAL timeline therefore provides a form of documentary feedback that can be instrumental in helping instructors reflect on, and make changes in, their teaching.
Observational Protocol for Active Learning (OPAL)
This study employs data collected through application of the Observational Protocol for Active Learning (OPAL). Similar to protocols such as COPUS, OPAL was designed to provide descriptive, rather than evaluative, feedback. The activities documented by OPAL were either adapted from TDOP and COPUS or developed by our research team, with the goal of designing a protocol that would be broadly applicable across disciplines and different types of courses. OPAL observers do not need to be experts in pedagogy or in the disciplinary content taught in the class being observed, but they do need to be trained in how to apply the protocol. In the case of our study, the observers have a range of expertise in teaching and in STEM disciplines; they include instructors, faculty-development staff, graduate students, (Hora & Ferrare, 2014) .
All of the OPAL codes are recorded as nominal-level data; in other words, they are recorded as occurring, or not, during each interval. In this study, however, a few codes are also recorded as ratiolevel data, with the observers marking each time the behavior occurs during each two-minute interval.
Examples include PQv (Pose Question Verbally) and AnQ (Answer Question). Thus, if the instructor asks two questions and elicits three answers, then the instructor PQv is marked twice and student AnQ is marked three times during that interval. Documenting the numbers of questions and answers allows an instructor reviewing OPAL data to consider whether the documented number coheres with the instructor's plans for a given segment of the class.
The second category, Activity Levels, includes student attention and note-taking. This approach is similar to that which is employed for "engagement level" in the COPUS procedures, in which levels are marked as low (less than 20% of students), medium (between 20-80% of students), or high (more than 80% of students) (Smith, et al., 2013) . However, in the case of OPAL, these activities are specifically defined as attention and note-taking (activities that can be conflated in the COPUS procedures). The note-taking code includes a response option of zero for instances when no students appear to be taking Codes, in that the observer uses "scan sampling," by scanning the whole room to assess levels of attention and note-taking at the end of every two-minute interval . Thus far, we have used OPAL to observe 144 class sessions. This number includes observation of 29 instructors teaching 20 unique courses in 12 departments. We have assessed the reliability and robustness of the tool by calculating inter-rater reliability using the Krippendorff's alpha statistic and the online statistical calculator ReCal OIR (Freelon, 2013) . For 7% of the classes, two observers documented the session. Average inter-rater reliability for the behavior codes, using the Krippendorff's alpha statistic, was 0.82.
Creation of Visual Timeline
After each class is observed, the research team creates a detailed visual timeline displaying the data collected, using Microsoft Excel (for a sample, please see Supplemental Materials). The detailed timeline shows all of the marked instructor and student behaviors, as they were observed occurring during the class session, as well as the observed levels of student attention and note-taking. This version of the timeline contains a large amount of data-more than instructors can assimilate and review during a discussion of the observed class session (typically one-hour in duration). Therefore, we created a increase engagement and student activity during those times" (Fisher & Frey, 2015, p. 6) . When multiple class sessions were observed, this instructor added, reviewing multiple OPAL timelines could either indicate trends and/or indicate if one class was an anomaly (and then lead you to look at why)." An engineering instructor remarked, "I had a qualitative feel for how I blocked out my class session time.
These data helped to quantify that apportionment and also [to] face the reality that there was not as much two-way interaction as I had perceived." An instructor in Chemistry remarked, moreover, that moving from a detailed to a streamlined version of the timeline was especially helpful: this new timeline made the data "much easier to digest [in terms of] both specifics that are occurring during the twominute intervals and how the lecture is broken down into larger chunks."
One instructor was surprised when the timeline revealed that students were not taking notes during the segment in which the instructor facilitated discussion of responses to a "clicker" question.
The instructor and the reviewer were then able to formulate new strategies for signaling to students that the content of the discussion was essential to their learning in the course and therefore should be included in students' notes. In subsequent class sessions, the instructor used the chalkboard to record the problem-solving approach generated during the discussion. An OPAL timeline produced through observation of one of these later classes showed that the students were indeed taking notes when the instructor used the chalkboard in this way. This example underscores the importance of separating note-taking from attention in classroom observations of student behavior.
Conclusion
Preliminary feedback on the OPAL timeline suggests that it provides a means for faculty to "see" their teaching not only with greater clarity and accuracy, but also with a wider angle of vision. The OPAL timeline provides a "big-picture" view of observed class sessions that captures the sequencing of different instructional strategies and the "ebbs and flows" of student participation-in a chronological format that coheres with how instructors often visualize a class session. Such a view can help instructors see where these strategies meet their instructional goals, and where these strategies might be refined and improved. Reviewing OPAL data may help instructors develop "a clearer vision of their own teaching before and after they make a change, . . . [as well as] observational and critical skills that they can then apply to reflect on their own teaching or to observe a colleague" (Fisher & Frey, 2015, p. 6) . We have begun to integrate review of OPAL timelines into the practice of peer-review of teaching in a mentoring program for junior faculty in STEM. By evaluating the usefulness of this approach to faculty mentors, as well as mentees, we will better understand the usefulness of the OPAL timeline in helping instructors make sustainable changes in their teaching.
